# 



Our Ref.: 620-139 
SCG/CP5909346 



U. S. PA TENT APPLICA TION 



NIXON & VA NDERH YE P. C 

A TTORNEYS AT LAW 
1100 NORTH GLEBE ROAD 
8 th FLOOR 
ARLINGTON, VIRGINIA 22201-4714 
(703) 816-4000 
Facsimile (703) 816-4100 



SPECIFICATION 



Inventor(s): 



Tom L. BLUNDELL 
Christopher ABELL 
Tsuyoshi INOUE 



Frank VON DELFT 



Invention: 



CRYSTAL STRUCTURE 




CRYSTAL STRUCTURE 



F i o .1. c i_ _o i t h o I nve nti on 

T ; ■ e p r (3 3 o n t inv e n t i o n r e 1 a t e s to t h c e n z y me ketopantoa t e 
h yd r o x y me t h y 1. 1. r a a s f e r a 3 e ( K P H M T ) , ana in part i c u 1 a r i t s c r y s t a 1 
3 1 r 1 1 c t *■ J r e a n d t h e use o r r his structure in dru g d i s c.c v ery. 



B a c k a r < u n d o t : :o - In v e n c i o n 

Pantothenic acid (vitamin BO is hound in coenzyme A (Co A) 
and : h » • acy.l caroer pri>:ein ( AC P ) , both of which . m • involved 
i n i at * y acid met a bo : i cm. 

Pant o T : aenic acid can be synthesised by plants a:v;; 
mi c r ooi ca n i cms out animals are apparently unable to make the 
vitamin, and require i v. in v. heir diet. However, all organisms 
are able to convert p a n t c-t heni c acid to its mot abo .1 i . ca 1 1 y active 
f orm, coenzyme- A . 

T:ae oa ttv.'a y tor: the :; ymthe-c i a of pantothenic a. c i o is snown 
in Fiacre 1. It r •;• v !•!•• s a potentia .1 ■ arqet for the treatment 
ot i n f •= c t i ocas dizeasc, since inhibitors of tne. pattw^y should be 
damaging :c bacteri a and fungi but root to human or animal 
sub j ec t s i n f ec tea by such microo rgan i sirs . 

Of specific interest is ketopan toate hyd rox ymet hy 1 - 
transferase (of HMT ; , 1 0 -me t h y 1 e n e t etranydrof o 1 a t c : a - 
ketoi sc v a 1 e r a t e h y ci r o x yme t. h y 1 t. r" a n s f e r a so, EC 1 . 1 . 1: . 1 1 ) . Eowers 
et ai. (1) showed tn.it CP HMT is a clasc II aldolase that 
utilizes b, lO-Crh-Hifolate (mTHF) tc transfer a hydroxymethyl 
group to a- ke to r so v a 1 o r a t e Ca-rdVA) and thereioy term 
ke tor antcoa to , as shown : n Figure 1. This is the first step in 
pant otaho nic acid hioaynthosi s . Inhibit ors (whether compel: i tlvo, 
non-ceriDfthtivc 1 , uncoinpatitj vr s or irreversible) of KPHMT would 
be co i sign it icant technical and commercial interest. 

KPHMT from hs ch e r i ch i a coli nas been ■coloned and over- 
e>;{) ro'tooi in K . >oj1 i . , a n :d was the first sequ e n c i : o t a 
f ) a n t c ) t h e i i a f ( 1 (an z y me to b o ci e t e r m i n e d ( 1 ) . T h o r ' ■ cc o m t d i n ant: 
proto i n has >dt a 1 riini no aside, rorr espondinq to a molecular w^ i ubs 



0 1 2 8 , 2 3 7 Da. The c 1 i g ome r i c s t a t e of the e n z y me appears t o b e 
o r g a r i i 3 m s p e cif ic. T h e h omo 1 o g u e f r em the 1 ow e r e u k a r v o t e , 

/ 1 sp e r a/ i i 1 a s n i <d u lans , has b * e n exp r e s s e d i n a n a e t i v e .: <:■ rm in F . 
■:. :c" > i i a n d s h o w n t: c- be a n c e: t < a in e r b y g e 1 fil.tr a c i o r. chr omat o g r ' a p h y 
h (v) . However, the A- . col ; enzyme, was found to be a d< -earner by 

s e o r me ntaL io n e q u i 1 i bo r i. u m e :-: p e r i me n t. s , q e 1 f i .1. t rat i. con 
ova r omatoqrapTiy and polyueryl amide qe 1 electrophores.i s under 
native cond ,i t. i on= ( 1 ) - 

Ve ry .little is Known a.bouz the mode of action of PPHMT, 

10 • >: ~ • ■] :•' ' e : o ;;.he aelai : .n:e o: the he/ol roc: yme t h y .1 a r oup pr< 'Oeeds 

v l t : i roz;-riL i on of cor. f : n i : re ': ioo (i) . I g ' ' is essential for 
• : e • o o ' v .- , whilst rne t a .1 : • •• '-o * o : r : :en expo- r linen t s warn M:Y'\ Co" 4 
-no. In" 1 (live enzyme watch progressively less activity ( l ■ . To 
date, five ke f opa n toa t e < ; a x • ■ : -ph.-:, f. nam oh coll. , A. :i iciu 1 ans , 

15 Faturia otoconia and two f rain Salmonella typhymunum, h.j ve beer; 

identified (o) (6) . Fo a : of these f f oom F. aae o .4. nilulans, 
er.3 the two from 5 a a atacoo. 2 a typh yznv r a. as;; ) have been editor tao have 
oe foots in the pst) B cent- wn i oh en odes ?;?FKT. The {"if to (from 
tae pi arc , D . a ova ace a a ) is, s ..soect^o to roese a panB • h v (6). 

20 Tne .4. ni.dulans a ax :» t r :>ori i. s causes;, oy a ie let. ion of G.y 166 

( a: nrrespondincj to iily 2^0 in E. coli). 

Until novj n:> one has successfully ale- * a e rm i neoi trie structure 
of ?;PHMr. This his prevented KF'HMT inhibitors being developed 
v 1 a struat la. r e - b a s e d ci r u g ■ i e s 1 g n me t h o :1 :> 1 : > q i e s . Therefore, 

2 5 k n o wledqai of t he s t rue t u r -a ; > f K P H MT would significantly as s .1 s t 

tiit 1 rational design of novel taeiaoeu^ ics based >n KPHHT 

1 r l ha a b i to r" s . 

Do 1 a n i t l. ons 

3 0 In t h e 1 o i 1 o w a n q o y " b i n d 1 n q s i t e " we mean a si t.e ( s u ■:: h a s 

an atom, a tun c tional area p) o f a n a m i n o a e i d r • • s r ci 1 1 ca o r a 

ral ureal it \ 7 '2 nae:h atoms ■oid/or groni)a ) in a KPHMT leindinca cavity 

w hi c h may bin d f :. < "> a^ n a c j (a n t; c o m f ; o 1 1 n ci s u c h i s a c a n r i i d a t f ^ 

r nh a b 1 1. < o. . Ivgaeroding o>n the particular mid.eeule in t.h^ ceav.it y, 





sites may exhibit attractive or repulsive binding interactions, 
brought about by charge, steric considerations and the like. 

By "fitting", is meant determining by automa t 1 e: , or semi- 
automac ic means, interactions between one or more atoms of an 
5 agent molecule and on* ■ or more atoms or binding site's of the 

K P H MT , a n d c a L c u 1 a t 1 n « : t h e extent r o wh 1 c h s u c h i nte r a ct ion s a r e 
stable;. Various compute r-b a sea methods for fitting are 
aescr 1 bed : ur t ho r he r^:in. 

By "root moan senate deviation" we m» : -an the square root: of 
10 * r.o a r : t ;smo-s i c mean ec' t :ac squares of the de-via t i on.? from tree 

i no a n . 

By a " :omp:.'cer sys tern" we mean the ha. roiv/a r e mens, s of t wa re 
me. a ns < :nel eiata ;?:o rag''- me a n s 'is eel t •: ana 1 yse atomic coora i nate 
aat.a. The mini mum hardware- means o f the comput e r-b iseo systems 
15 o f : he p tea en t invent .i on c jmp r i ses a central p recess in a u n i t 

( CPs ) , input means , output, mo-ans and data storage means . 
Desi rani'/ a moo: it or is provided to visualise structure da ta . 
The' da 4 a s- orago means may b* PAM or means for accessing 
comoaC'.-r re-ad a.rol.e meoia or the- invent ion . ixamtles of seen 
20 s y stem.- ■:; re- micrec:mrnter wor escations a va i 1. ab 1 .e from Si 1 icon 

Graphi-us I no o rpo r a t eel and Sun Microsystems running Unix based, 
Win :;ows MT or J BK 03 / J operat ing systems. 

3y " c jmpit er rea-'laoie noeolia" we mean any media wni.cn can be 
read arid accessed directly by a computer e- . g . so that t.he media 

2 5 is suit a;.>le for use in trie- aoove-meant ioneei computer system. 

3 s eh m- - ei : a i reduce, but ire n :>t 1 irni ted to: niaanet i c storage* 
me-eli a : .i: :h as floppy discs, hard disc stora medium and 
magnetic tape; optical storage media such as optica ± discs or 
CD-PoDM; electrical storage media such sis ISAM and ROM ; and 

3 0 hy tar ids of t heso ca to gories such as magnet ic/opt ica i storage 

med r a . 



1 Jummar y o f 1:. h (a J nv(uil. ro n 



The p r o sent inven t i o n is at J. e a s t p a r t. .1 y based < a : 



crystal.? of suitable quality, including crystals of selenium 

a torn PPPHMT de r i va t a ves , f or pe r forrung X - r a y di f f ra c t i on 

a nu .1 y s o s , ( .1 i ) collected X-ray di f fraction data from the 

cry:: t a 1 s , (.i..u j de t e rm i ned t he t. h roe- dime ns i ona 1 s t rue tare of 

K PHP:T , arc ( i v i identified banding sices on the er.zyme which are 

1 i ke .1 y t c> be i. n v o 1 v e d in *: h o e n z yma t i c r e act i o n . 

In general aspects, ■ he present invention is concerned with 
identifying o r obtaining <;gerc compounds (especial ly lnrubLtors 
od K?I:MT ) for rnoaul a.t i ng KPHMT acta vity, arc in ficrer red 
■=mi Hid ; m<- n t s identify] no or ob t a i n i r: a act.ua L a cent 

cC'i'ip'O.): ; nc s / i nn Lb i t or . Crystal structure in t o rma t i :>r: presented 
he re.: n .is useful .in des i c:t i ng p oterst ia L inhibitor.: anc moce.l ling 
: io'iii ( or t re i r' potent i a. 1 i :.o :, ric: ion with the KPHMT lcindi.no 
oasuicy. Potential inhibitors may ; •• • brought, into contact, with 
KPHMT ■ ■ es- tor- anility to interact w.i t n t.ne KPHMT rending 
use t y . Actual inn ib iters may 1: - ■ dent fled from amcrg 
potent! a I i nr. i.b.i tor a synthesized fed lowing design and model work 
pe r formed in s i i c c:> . An a nh i it i t o r i dent, i f i » us a r. g t he p resent 
irccd.ion may Ice f t-rnul at*-d i nto a ccmipeas i t i -cu , for instance' a 
compos it ion comp ri s i ng a on armac-ul. i.cal 1 y a ccept. ah I.*?, excip ion t , 
end nny be use: a in the manufacture of a medicament for use in a 
method of- treatment . These and other aspects and embodiments of 
the present, invent] on are discussed below. 



' n a f i 



asp 



p re s e n f i n v e n t i o n p r o v id e s a crystal 



f o u n d tnat t n e a s ymme trie u nit of sunn a crystal 



of KE'flMT saving a monoc ]. i n i c spa :e group P2 \ , and unit; ce 
d i me n : ; i o n s a f: , == £ 6 .1 A , o - 15 7.1 A , ■:■ = 1 0 0 . 1 A a r. d p. 
9A4 :: , or mere ge n e r a .1 1 y a - .Co. If P. 2 A, b =-■ 1P7. 1+0. 2 A, 
1 CO . 1 l :0 .1 A and h - T: . 4 fa) . 2 c . 
V;e hav 

aarreanonls to a KPHMT do tamer wnich may be thought of as a 
pent, a me r :> [■ KPHMT aimers, the dime.es being related by a non- 
e r y - ■> t \ 1 i ' ) u r a o h i c ] iv e - f cu 1 ci a x i s 

Alternatively, a r a d d .i t a. o n a 1 i y , t h e c r yst a J m a y h a v e t h e 
* h r < - o d i m e n^ional .a t. o m a c c o o r c 1 a ta a t e s o f Table i . A n 



10 



"1 5 



a2 0 



2 5 



3 0 



advantageous feature of the structural data according to Table i 
are thai, they have a high resolution of about 1.8 A. 

The ooord.. nates of Table 1 provide a measure of atomic 
location in Angstroms, to a first decimal place. Thee coordinates 



are a relative set of positions that define 



a iS 1 



in :hre 



dimension;?, so it is possible that an enti rely different set of 
coordinates having a different: origin and/or axes could define a 
s i m i. 1 a r o r i dent 1 ca 1 shap e . Furt he rmore , va ry i ng the re 1 a t 1 ve 
atomic posit ..on:? of the at<-ms of the s : ret u e • so that : ho root, 
me- an sgna r e devi ..at i on o f the r es i due- bac k\: one? a t onis ( i . e . t h o 
n i t rcqe:a -ce r oon-ca r bon re c k .bon e atoms o f t ne nrotei n amino::' acid 



can 1.0 A a. no 

ceo (in the 
: bac: kr one a t cms , 
■ijsictial Icy t ne 

> t n i t s s t r u c t u r a 1 
l oes i cei o f ;<?HMT 

> i' pes i tc i en s o ; 
of Table 1 cii 1 
.re for. s t r a. c * i; r e - 
' purpo ses 



residue's) ic bee can l.t A (preferably l-ss 
mere prof erai:dy boss tnan A) when s upe r i mo 

coord i na. t. e s fcovicec in Tar le 1 for the reside: 
will genera 1 oy re-salt in a structure- which is 
sane as sue structure of Table- 1 in t. e- rms of o 

i.nh i,oi:.or:: . t:.uewise :uuan-:J i eg the riumiae r unci' 
the watec m:le- ":ules and ''or substrate molecule.:: 
not. generally effect the potency of the se re c 
based design of K?HMT inhibitors. Thus feu- th 
descr ibe-:l bee ►sin as being: aspects of the p resent invention, it 
is within the scope o f five invent i on if: the Table* 1 coordinates 
are transposo-oi to a did re-re-nt order in and /-or aces; the- relative 
atomic pes i t i cons o f t. ne a toms o t" the structure ace varied so 
triad, the root mean square device! era of residue oa ckbone atoms is 
less rhan 1 ca A (preferably lacs :: nan i . a A and more preteiabJ.y 
less tuaan Oca A) when s ape r imp oseci on the coorciinates provided 
i ra Table 1 for t h e reel clue bac koone afore; and/' or she number 
an :i/o r positi -ens -of w a to v nio 1 e s .il.es a n :l/o r substr ate molecules 
is variaoi. Kererence e - e A * , no the coordinate sata of Table 1 
thus includes the coordinate date in wnieri eae or race 
individual values of the Table are varied i r a \ n i s voy . 

A 1. s o , mo ill; ee t ice in t h e K P HMT c r y s t a 1. s t r ■ u r t u r < d 1 i r > ■ o 
( " .g. nut ri 1 ion s , a d d i t 1 o n s , sub s t 1 1 u t: i o n s , a n d A e d ^ ! * C ion:; m' 




amino acid residues (including the deletion of one or more P'PHMT 
protome rs) could account for variat mns in the r'.PHMT atomic 
c o C' rdi n a t o s . II c w e v e r , . a t o in i c c o < . r d i n a c e d a t a o 1 K P H M T n.odi iie d 
so t r.u ; a lagano. that touno 1.0 one or more binding sites of; 
5 KPHMT wou ld be expected t< ■ bind + o the co r respond i r. g bindinc 

.sites of t h o moa;. £ i ea KPHI4T are, f o r the purposes aescr iloed 
herein as being <tspects ol the pa eseiat invent .ion, also within 
the scope of the invent i on . Pe f e ren. :e herein t o the coc .r :tir;ates 
cf T abl e 1 thus ... no- 1 udes * no caao.r d.i nn tes modi f i od in this way. 

10 Pr clerably , the no : : : o • i • •• • a a : :.a t • data d-- I i :v • at lea.; t one 

KPHMF ;;:.;;:;;: • a • : ' y . 

In a i a i : a • a :tpoo: r the i no- en t j on provides a methoo for 
crystal 1 izin-:: a se . o home t n i on ire P.: HI-IT derivative vesica 
cc>mp rises. p r ada c.o no: KP.HMT by rets oiusi.nan t product i on in a 

15 bacterial rest ( . a . E . c-.u i) in the presence of se leno- 

methionine, r e ao r e r. i ng - s od en am- - 1. h i. ir.me KPHMT de r 1 v a t i ve from 
the host and grovati ;; crystals :; r< oi the recovered - ♦ • i ■ - 
methiohine KPHMT osi i.va.'; ive, 

Trius, the soie.ni.um aP am KPHtiT ;1m r :. vat a vo :ird KPHMT ja reduced 

20 by crystallising native- KPHMT ( s-e the detailed desc r ise t i on 

below) are provio-a ;1 as -crystallised proteins suitable for X-ray 
cl i f f. i a :: t i o n .a n a 1 y sis. 

The crystal. s may be at -awn by any suitable method, e.g. the 
hi oa a q c n g d r op;> ;ne t n a d . 

25 in an at he r aspect , tne invent;] or provides a met nod af 

analysing a K PHMT - 1 i ;pa ncl a amp 1 -ax samp r ;i s i rig the? s t op of 
employing hi; X-ray ■:: r y s t a ] 1 og r aph a ■:: d .i f f r a o t i on 'dad. a Irani the 
KPHMT- i i gand complex and (i i) a three-dimensional structure of 
KPHMT to generates a ditierence P_>urier electron density map of 

3 0 trie complex, trie t n r ee -dime n s i -ana 1 structure toeing defined by 

atomic (ooi di:iat.o data according t< > Table 1. 

TrorfC. arc, KPHMT- 1 i ga nd c tmpP^xos can be crystal Used and 
ana 1 y s e c i using X - r a y ci rlf racti o n methods, e.g. a o cording t o t h e 
aoh 'Oich described by Greer of: a i . , -J. of Medic ma J Chemist: ry, 

d a V : - i. . '■' J , (19 9 4), ! -J 'la - 1 i). r )4 , an oi d i f f o .r e ra c o Fo u r i. e r o 1 e e Iron 



density maps can be calculated based on X-ray diffraction 
patterns oi soaked or co-crystallised KPHMT and the solved 
structure of un-complexed KPHMT. These maps can then be used to 
determane whether and where a particular iigand binds to KPHMT 
and/or changes the conr'o nnation of KPHMT. 

Eb ec t ron density maps car: be calculated using programs such 
as those from the CCP4 computing pac^ag e ( Co llaborative 
'hjmputat i.'jria 1. Project: 1. The CCP4 Suite: Piogr arris for Protein 
C ryotri iography, :Vt i -Cry sta 1 I og raph ±c j , \. 1, (1-94 ) , 7t0-763. ) . 
Kor nidf: v i sua .1 \ sa : r on and model building programs such a s D 
( .7 ■ r. e s e c a 1 . , Act u Cry a t a 1 1 c ara a y , A A 'i , [\?"jl) f L 1. -J - 1 1 ! o c a n b e 
u ~ ed . 

In an<;c: ne r a spe at , : no p re.: one nvent i on p r ovl oies a me t hod 
f ot i .dent i i y i ng an a d e r e compound ( e . g . an inhibitor) which 
modulates KPHMT activooty, memorising the steps of: 

(a) empd oam. na t h roe -d Linens i ona 1 atomic coora.rr.aie data 
accord in j to Tat 1 e 1 to character i = e at Least a pi uraiity of 
KPHMT cincing sit.es; 

ft») pi o vl d n ;: the structure' of a cane i.oia t a agent compound; 

(o) I : t : i 1 1 yj tho candidate agent compound to the binding 
sites; ami 

(d) : : o 1 oe t l n :i the caneiroate^ a g edit comp--:iuna. 

Pro f: erab 1 y sufficient binding sites ai'e characterised to 
define a KPHMT binding cavity. 

A plurality (for example two, thr-e or four) of spaced 
KPHMT orrisinc sit.es nay he era raotori o-:l ana a plurality of 
rospectrve -mmp'Oind:: do s i gneci or sclecded. The agent compound 
may then be formed oy ! raoLna the respective oompoonds into a 
1 a r q e r o omp > o > a n d which ro i :. n t a i n s t h e relati v e o o s r t i. o n s ci n c i 
or cent at ions of t". he respect ice compounds at tne tarncirng sites . 
Trie larger compound may ha torinco o s ai real molecule cor by 
o o rap) u t: er mo ci el 1 mg . 

I n a n y event, t h e ci (a t:. e r m .a n at j on of t. la e three- ci i mo n : : i < • n < i 1 
at.dicture of KPHMT provides a basis for the identification o j 
fi'-v/ and specific l.ignnois lor KPHMT e.g. by computer- mode i i i no - 



1 0 



.15 



3 0 



More specifically, a potential modulator of KPHMT activity 
c a n b > 5 e x a mi n e d t h r ouah t h c u s e o f c omp u t e r mod ell i n q u s i n g a 
docking program such as GFAM, POCK , or AUTOPOCK (see Walters et 
al., Drug Discovery Today, Vod . K , Ko.4 f (l'^sS), lc0-;78, and 
Dunbrace e: al., Folding and /hs i -n> , .*' , (l v, '?7], 27---10). This 
P rocedure can Include co-mp u t e r fit tine: o f candidal e inh.i bitors 
to KPHMT to ascertain how well the shape and the chemical 
structure of the candidate inhibitor will bind to trie enzyme. 

Also- compu t e r - a s s 1 s t coi , manual examination of the binding 
cavity s true a u r e of XrHMT may be ]: ei f o> i med . The us*: 1 of rjroarama 
aacn as Ohio ( ooc df o ro , . h o/ee/. Che;n. , . : a , (ltba), ■;. -ho - E- 5 7 i - a 
program that determines pr.o>bable i :cr.>:i sites between 

itk'IocmIo: - with various :rnct local orr 
- may al=o be used to analyse the bi: 



taes and tiro 
r:di ng avi t:y 



:<u r 1 1 a 1 a t ru -a t u r es ■:■ f inn i b 1 t i roi compounds . 



1 .tamo a t..o- r' 



> r oq r a mo 



be employ 



h o yiTiv 

0) hhv 



oi r fa :t 



1 t 



•st rma t e t ne 

attraction, r e pa 1 s i -on , and sterio: hindrance- o f tne r.v;o rcnoi ng 
partners (e.g. the KPHMT anoi. a canoi i da t e inhibitor,'. eoner-lly 
too tighter' the fit, the fewer the steric hindrances, .c. ; the 
creator t he a t.traot i ve borces, the more po>: en t the p-.i t en t i a 1. 
modulator sir^oe these prt-pert it.? are consistent v/ith a tiopaher 
rarding constant. Further-more, tne more spec! f r c i.t y in the 
o: e s i. or n o f a po a e n t i a 1 an; g , t h e mo r e 1 i k e .i y i t. i a; t n .a t t h e ol r u g 
will not i nt e rac t with o>t he r proteins as we 1 J. . Triis will tend 
to mi nimi s o pot. ontial si tie -e f f ce.t s olue to u nv/a n t eel iatora at. ions 
w 1 1 n o t h o: r p> t o t. e ins . 

In one embooiiment a plurality of caridiolate agent cam pounds 
: : - • screened or i n t e r i o a a t eel ! an rntoract i.',n with raa handing 
sites. In ooo example, step (o) invo Ives provi iang the 
structures oi the o: audi late agent como a and s , eao:h of which is 
then fitted in step oa ) to computationally ssroen a database ol 
compounds (such as the Camb r i dqe Structural Database) for 
i. n t. o racf ion w i t h t h e 1: ) i n d i n -g sit e s . 1 n a n ■ > t i i e r e x -a m pi e, a A-\) 
d e s c aa pt.or for t h e a gen t c omp o u n d i s d erive d , t h e d e s c r a. p t < ) r 
inv ladinc o.a. u f a.anra- r i r and functional const rain's derived 1 o i 





the architecture and chemical nature of the binding cavity. The 
descriptor may then be used to interrogate the compound 
d a t a b a s e , r h e i d e n t i f i e d a . g e n t compou n d b e i n a t h * c omp o una w h .1 c h 
matches with the features of the descriptor. In effect, ■: he 
descriptor is a type o> f virtual pha rmacophore . 

Having designed o>r selectee possible ioindinc partners, 
tnese can then be screened for activity. Consequently, the 
method preferably comprises the further steps of: 



(fj conrac t ing toe caoioidate agent coinp oond with KehHT to 
determine the ability of: tc:e cand r elate agent • :m < _> :u; 00 
interact w; tn KE'HMT . 

In - a (0) oho oa nol .1 :.i b. 0 0 agent :■ cor ■ >._::. h\ may ; ■ ■ contacted 
wi.tn P'PHMT in me presence* of a substrate-, anei typo ear ly a 
baffe-r, to- determine t.ne arai 1 i to/ o» f t r. e ca no i d a t e a :ien a compound 
t: inni b it KPHMT . The 3 ..no: 1 ret.*" may roe e . g . , ::>na o r both of 
a , 1 0 -Crb-H 4 f c- i a o e , a - ke t o 1 s ova 1 e r a a e , or oarrs thereo f . So , for 
examples, an assay mixture; :or fu : HHT may oe: proo r::ed which 
comprises tne candidate i.nhioitor, suostrate and h offer. 

Irist-da o f , or in add i t ion to, performing e.g. a chemical 
assay, the- met nod may romprise the furcner steps sf : 

iej obt.aini ng or synthesis mq tin- cr.andielate a :jent compound; 

( f : j fornii na a complex of KrHSlT and the c: a noi r oia t e agent 
compound; and 

ci) a na I y si ng (e.g. i 0/ tne method oi ari earlier aspect of 
trie invention) said compie;-: by X-ray :: r y s t a 1 i og r a p n y or NMR 
spectroscopy t.o determine tiie anility of the candidate agent 
compound to interact with Ki'HMT. 

I) e t .a .i. led s t r u c tural in!" o r m : i t: i o n can t h e n b e o b t a i n e ■ d a h o u t 
t he binding o f t h o a g e n t c omp o u r l d t o K P H M T , an d .1 r ; t; h e 1 i sj h t o f 
t . h i s 1 n f o r mat; :. o n a i j u s t m o o t s c a : 1 o e rn a cd e to the struct u r e. o r 
t u n c t; 1 - > n a 1 a t y o f t h o c omp o u n cd , -a . g . t :> r mp rove b i n d i n q t; -a t hi 
1 ) 1 n d 1 nq c a v i t y . Step s 0 d to ( g j m a y b < -> retooit^d and re- 



el't air. 1 rig 0 r 



s yn t.ne si sing 



t he 



anoiioiate acent compound; 
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repeated as necessary. For X-ray c r ys ta 1 lograph i c analysis, the 
complex may be termed by crystal soaking or co-crystallisation. 

In another aspect, the invention includes a compound which 
is identified as a modulator of KPHMT activity by the method of 
the f art:; aspect . 

Following i aen t i :: i ca t i < mi of an inhibitor compound, it may 
be manufactured and/or used m the preparation, l .e. manufacture 
cu formulation, of <i compos 1 1 i on such as a medicament, 
poarma :-ou:.i ca ! ::omp< c 1 1 i on or drug. These may be administered 
* -o l no i v i r ; i 1 : . . 

Tens, * h» • : r • - s • ra * uoeraton extends in vermes a spects not 
(t:.iy an i nh ibi : oj as p> r ov toed by the i r. von r i o: i , but also a 

ps a rrna c> : cc eta 1 comp' c t. i ca , med i. e amen t , ; c ; : or crcc 
ocmpos i Or comp r i s ng sue am inheritor e.g. for to:eatmerir 
; o:n i ot may include } 1 r e ven t. a t i ve treatment) -or disease suoh as 
io i c r ao i. a 1 infection; a method comprising S dm:, n i eC. r a t i or. of. such 
a comroos 1 o to n to a patient, e . q . for treatment ot disease suon 
a s mi •:: t ob ia I. i nf ect .i on; use -of such an i nr. ibx o cu i n the 
ma: til; facta r e o i a sompos icon for a dmin isic.ee on , e . g . to r 
treatment < • : diseas- .ojco as m i c rob i .al infection; and a method 
o f ma k i ng ai pha r ma ecu a. tea j compos ition comp r _r s i no admi x i rig s uch 
a :a i nh i b i to r wit h a pea rma ceu tical J. y acceptab 1 e e xc i p i en t , 



ingred j.'.oits . 
i a foe to a me- 1 hod of 
of KPriMT homoLoques of 



vehicle or carrier, and optionally 'Other 
In ana t her asp-ct , the invent ion c 
de term in Iraq three c i mens io ca 1 structur e; 

an kr.own s t r u ecu re by u t i lo: s i ng the s truct u r a ; o:o- > r d i. n a t os o f. 
Tab ] <■ 1 . 

For example, i i: X- ra y c ry s t a 1 i. og r aphi c (o r MMR spectroscopy i < 
datci is or-rviaej for a KPHMT hornoloaue of .mknowu structure, th< 
structure -of KPHMT aa decried by Table 1 may be used to 
interpret t h at. d a t a to p rovide ca 1 .;. !e e 1 y s t. r u c t u r e f o i ■ the K P H M 'Y 
r j omo 1 o g u e by tec; h n r • i u c s v; r i i c h c i r e w ■ .1 1 k n o w n i n t h e a r t , fo(|. 
nlios^ node : 1 nig i n the case of >i - r • y cry s t. a 1 1. o q r a p h y . 

(.".) ne em b ca ::i .1 m e ra ta of t .. h e meth o d s o mpri s e s 1 1 1 o s t e \ ) s o i : 
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(a) aligning a representation of an amino acid sequence of 
a PddHMT homed, cuque of unknown structure with the amino acid 

s equ e n c e o f Y f 1 H MT t o ma t c h h omo i ogo u s r e g i o n s of c h e amin o a c r d 
s equencc s ; 

(b ) mod e l ling the structure of the marched homed ogous 
regions of the KPHMT of unknown structure on :ne : : ti ncture as 
defined by T so o 1 of the corresponding regions <c P'.FHMT; arid 

( c ) oet.'Crm.i ning a con tee ma t i • >n ( < • . g . so sha* f a vourafc le 
iiitera c t.i <o s are- formed witruin she KPhMT of unknown s: ruet ure 
anchor so Tenet a low • s s o y sees :o: rme t .i. on is fo.rrmoij : or the 
Xr'HMT of un -n.own structure which cues' ant l a ■ ly re : s ee ve s the 
st ructure of said matched homologous regions; . 

Tne a *: e r:n ^horned oaou s -o c cs " :;.e c cri;co? amine* acid rcosieiuos 
in nwo sequences Chan a re iden •:. x c al or have? s f ru . .-m ■ e . g . 
aluf natie, aromatic, pemar, negat iveiy charoed, • <r positively 
ehec: ied) s- i :ie - chain cnemi ::a 1 groups. I den c i c u ... .cud imi 1 ai- 
res j.el ues i u n omcd. coi o>u s regions a re- s one t: i mess; clos ■ c ifc col as being 
rospec t ivsd y "invar i an:: " a no u ;: c.served" oy :hos- * sk: hied i r- the 

ererccely one; or all. o»f steps (a) c a ;c) are p^rformea by 
com] ' iter :ao d - 1 1_ irig . 

Hum-. 1. eery modelling is a technique that is well ersuwn to 
then- skd.l-:! in the ei r t (s-ce e.g. dreer, Science, Vol. 2 2^-, 
it S) , K):d., and Blundeli ct .32., Eur. J. Bioch^m, Vol. o2, 
( - ''■•■'), 

In scicru 1, (comparison ;of am: no acid sequen :es :s 
: • •• co : : s n - • i by eLsqning the amino acid sequence of a 
p< > I ypepc i do of a known structure with, the amino acici sequence of 
the pol y: eptu.de of unknown structure. Amino acids i :u t.he 
s • - q u >. n c ■ e . a r * : - t. hi e n c o m p a r e ■ i a n o gro u p s of a in i n o a c i d s t h < \ 1 .. a r e 
Ir >mo oqo" . s o ' o r > u p • • d together. This method eie teens; conserved 
r aniens d sue polypeptides and accounts tor amino as rd 
i n : ; e \ t. i o : : s o s ci e J. e s i oris . 

Homology between amino acid sequences can be determined 
using commercial ly available algorithms; . The programs BLAST, 



gapped BLAST, BLASTN and PSI -BLAST (provided by the National 
Center for Biotechnology Information) are widely used in the art 
for- this purpose, and can align homologous regions of two amino 
a c i d sequences . 

Once the amine* acid sequences of the polypeptides with 
K n o w n and u n k n c > w n 5 t ructures are a 1 i q a e- c , t h e s t r a c t u r e s of t h e 
conserved amine- acids in a computer representation of the 
poc 1 yp>ep't i eie with known structure? are transferred to the 



co r r t 



e- spending arniiuo acids 



the p>ed yp'Opc. ide- w:v > > • structure r :■ 
m cue amine' ; a J sequence o: 

a p h> ny La Uni ne, the 
a .i n t h e sni ino acid s e g uenc e 



on Ki mown . ; ; ' (j t: example, a tyrosin 
<nov;'n structure- ma"/ be replaced 
ce-r: espori'ung homed e>gous amino a 
of sr. e. novas s t ru e: tu r e- . 

The s t r as: t tire- s eT amine* act 
r e a : e > n s m a '/ be: a s s i a n e d m a n u ally 
ire cane- t . i i es ou: by mo- l.ecular s imu la t i o>u t -o hn i gue*s , such as 
moh-aiJer dynamics (7). Tree f: in.i :. 5 1 ep i.n trie proce ss is 
3 :o >mpl i sheei by re f in ing the en t i. re- St.: ::tu re using mo l.ecular 



0 -a in n e-n -e: o 

1 n ;i s t a neis r el pep t 



0? CI 



dynami cs ana 



a- 



■ray minimi zat i. 



In a not. her uspe'Ct, t. h e pres-n: ..nvention p»r o viele = systems, 
pir* icularly a coomputer systems, rntennei t>o 'psrsTa to structures 
asci/oa' perform rat i ona 1 drug design for KPHMT, KPHMT- 1 igand 
compJex-s e-r KPHMT nomologues, trie systems containinq either (a) 
atomic coordinate; data accouoiing to Table 1, sa:i ct data* defining 
trie t. hro-e -ei i mens i ■ :> ri -a 1 s true: tare of KPHMT, or (b) structure 
factor d at. ^ i or KPHMT, sai.oi structure itictcr dec a being 
ele r ■ tab 1 e from tno atomrc coordinate dots si Taibe 1. 

]n an ot.hei' asp>ect, the present invent i. em provi des computer 
rea- labie media with either ( a ) atomic coordinate data areordi nq 



to Tabre i ]o;Mord'Si theree 
• i i :rt •• n s : on a : s t r u c t u re of \ 
K P H PIT c o s o r d - • i t n o r e o n , 1 1 



• : • , said da to defining the t riroo- 
i'PHMT, or (b) structure factor data lor 
so structure 1 tart or elatu be a rag 
? r i v a b 1 ei f r o m t h e atom i s coor d i n a t e ci a t a of T a b 1 e ] . 

By providing such computer reaadabfe media, the atomic 
^ordinate clata can la 1 routinely accessed to model KPHMT. :-t u 



in 



example, RASMOL (Sayle at al., TIBS, Vol. 20, d9'?5), 374) is a 
publ 1 e 1 y a va i 1 ab 1 e compute r so f tware package wh i eh all ows acres s 
■and analysis ■ • ! atomic co-ordinate data four s t rue: u re 
oie te rmi na t 1 ori and/or rational drug design. 

On r ho other nana, structure factor data, which are 
derivable from at.omic co-ordinate data (se-e e.g. Blundell. et al., 
no Pr ?tei:i Crystallography, Academic Press, New York, London and 
San Francisco, (1976) ) , are particularly useful for calculating 
e . g . on. f t e nonce b : r i er e 1 ectt r on d • • r. . i t y maps . 



. r i. 0' t D a s c r 
ti.guro' I 



: ion o £ too o roaw i r. gs 
now- t. n • • oathwav foe the cat. : h» o--. i of oao:othomc 



Flqure .: snows the enemnoal reaction between o:-KIVA and 
15 3 , L 0 -o'H.-.-H.; f elate which is catalysed by KhHhoT; 

decameric .to . • t > . to- as viewed respectively along and iron tne 
side o>f the loat-c rycta. Llocract; .t: f ice;- - fold axis; 

Figure's 4a ana b show ribbon representations- of 
20 respectively top and side- views of a protc>mer; 

Figure :■ shows a seaaence alignment oetaveen primary 
structure among f : ve members o-f the Kl HMT f ami ly and t h 
secondary structure' of the- E. call enzyme; 

Figure a shows a stereo pal r wi re-f rame electron density 

2 5 ma p o f t n a a : i b s t r a t e b i n d i n g £■ i t -a wit. h a e etopan: o a t e p t ■ o d u c t 

niotaaile iKPh) anal a metal i or,, believed to be M r on which the 
enzyme is de- ::>o :ade n t for its activity; 

Figure / sh av/s an electrostatr pote n t i a 1 map for a. 
protomor v i owed looking towards trie opening mc>uth of the binding 

3 0 cav i t y ; 

F i g ure o s r t o v; s a s t e r o o pair r i b b o n n-presentat i o n o 1 f h a 
KPHMT bo rid i nu nv; ty; 

F i g u r" f 1 c ) hows a s < " h e m a t; i r: r a p r e sentat ion o f the d ■ s t o r t a d 
o a t a ti e f 1 r a 1 n i nail n g s i t a f or M q ' in t h e K P H MT to i n d i i i q cavi t y ; 




Figures 10 and b show respectivel y s i d e a n d t o p view s t e r e o 
pair ribbon representations of the mouth of the' KPHMT bindmq 
c: a v i t y ; a n d 

F i e u x. e. s 1 1 a and b s h o w s t e r e <" ■ p a i. r r i bb on rc-pres e n t a 1 1 o n s 
of res- poet i ve .1 ;/ (a) the bind ma crivines of a P'.PHMT dimer, and 
(b; the l rttorface hot ween adjacerr Kt'HMT aimers. 



Decai 1 eci conscript i ■ :-ri of" the InverU ion 

■ present i n verve ion Is f o a n d o d :ui r ho dotermmation of 
t: ho: 1 three ei ; me n s 1 o :\ a 1 atom!: str;otiae c f KOHMT. 



Solving t h - - Zrysta J S t. ructu re 

1 . Propara; i on of »>:;<:• orrtb Lnant K PHI-IT Pr-tci r. 
Cell 'y-wi t 

.: >: 1 o ml, start, i :aq culture at rb-ooi i H f r 3 00 0- YA1 3 9 oe 1 1 s 
wish t ho p.bvomiol poEOOl. ccnta.ini na he* clone pALOl was. incubated 
at 07 ° a: o ve rn i.cht i n LE. 1: r :-tri containing ampiei 1.1 in {50 mq/mL) . 
T.ms was aaled z.o :'■ litres of LB broth containing arnpiciilln (50 
mg/mL) anoi T. OTG (90 mc/mLi) and incubated at 37 L C for 16 n. 
Oele'nouTvach i .>a : roe ( : "eh- t ) protein was over-expressed in media 
conta i n i.na sei eriomethion ine , as w-..d 1 as six other amino acids 
i lysine, phony 1 a la rune , threonine, i so leucine , leucine and 
valine) whose presence inhibit me sh i c; >n i.ne biosynthesis (8) and 
was poiri.fi col or. the same way as the wild type . The cells were 
Harvested by cen t. r i f uqa t i on at; 1 0,000 rem at 4 °C : • > 30 mi n . 
The wed: eel 1 pellet wergned approximately 9 q. 

ice:- too a Extra c o i on 

The cell pellet was resaspe:-n led in 00 nit ol 1U0 mM 

phosphate buffer ;pH 7) contaminq 1 mM DTI 1 , 1 rnM '^thylene- 

diaminet.etraricetuc acid (EDT/o and 1 mM phenyimvf hyl - 
s u .1 p h 0) n y 1 f 1 u (. ) r i d e ( ? M S F ) . T h e s i ] s p e n s i on w a s s o 1 1 i c a 1 < 1 d < > n ice 

f o r 1 s b u r s t s o v e r y 3 s f o r 12 mm an d the 1. y s a t e centri fuqed 

at". 12,000 rpm for 30 mm. Nuosleie acids wee r^nicv^d -r^m t ho 



1! 



s u p o r n a t a n t. b y p r e c lpit a t i c n w i t hi 21 f rctami n e s u 1 p h a t (1 m L / g 
o f c o* L 1 p e 1 1 c t: ) a n d c: e n t rifuqation at 12, 0 00 r pm f o r 0 0 mi n . 

The [)roloir: was p:V" ' i p it .r.thi f rem the supernatant with 
a mmo a mm s u 1 p h a t. e ( 2 h - 6 0 1 s a t u r a 1 1 < : n ) a n d c e a t. r i i u q a tion at 
5 1 2,000 rpm for 30 min. The: protein pellet was dissolved in 30 ml 

of 100 mM phosphate baffer ( pdi 7) containing 1 mM I0TT and 1 mM 
E DT A and dialysed, overniaht a g ains t; 2 5 mM p > n e e p hat e lo u f f e r ( p H 
7) containing 1 mM DTT and 1 mM EDTA. The voLume of tie? d.i.alysed 
protein was reduced t: o below 0 0 ml hp ultrafiltration. 

1 0 be I 1 o t: s t ha t eon t a i nee ce 1 1 del;- : 1 s , : 

to rec i p r t a u t aid '.) - 2 z ammee. i um su 1 pin a t. e 
di s solved in a total vo.oame of 30 mD o f 1.0 t mM phos pha te buf fer 
!p:-i containing 1 :nM DTT and 1 mM E oTA, pool ea and c:iaiysed, 

ove rn igh t , aaainst 25 mM pho p>ha te lo .... f: f a- r mod 7) cceo a a i. a i. uq 1 mM 

15 DTT and 1 mM EDTA. The volume of the oialysed mixture was 

redjted to bed ow 20 mh hy a 1 t ra f id.tr at i :>n one; f i 1 t ored through a 
0.2 .an filter. The prote in wa. s r an: a b - a by DM 



pi ot an. i rue su 1 pea ate 
> r ee i pi t a n a we re 



Ilipr^p 0 XL anion ox shsua ::hro:n zi t igraphy 
20 Tne sample, m lose than 1.0 mL, was loaideui, us in if a 10 mL 

snpe tot o op , onto a diprep 1 o - ; 1. 0 Q XL column e qu i 1 iora t cod in 
starting bailer wnichi cons is tool of vol suffer A, oontainir.g 00 
mM potassium phosphate buffer (pH 6. : J), 1 mM DDT =,r.d 1 mM EDTA, 
and 101 buffer R mntaining 50 mM poeaseium phosphate buffer (pH 
25 0.9), 1 mM DDT ana 1 mM EDTA and 1 M potassium chloride (KC1). 

r'PHMT was e 1 u ted in a step- gradient of 0.1 - 1 M rod. in 12 

as (24 0 mL) and at a flow rate of ^..5 mD/rnin. The 

shap e d as ind i. ca t e d be 1 o w . K P H ?aT e 1 u to (a d i n a sin q 1 e 
0.4 M K21. E 1 u a i e fractions w ere as s o s s e d f co r 
b y 2 D 2 - e AG E . F r <-i o t , > 1 n s ca on t a i i i i n g K 
i a y s e < i o v f v r n i q h t; a g a i i \ s t. 5, t. ca r t i n g 1 ) u f f e r 



oo .1 user) vol 
a r a d n e n t v; 
to o a k C; t. ; i 

poo lard and 
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5 ou rcc ILL anion o e; c h an go c l iroinat o grap h y 

T h e s a mpd e- , i n 1 e s s t h a n 1 0 mL, w a s 1 c a d e d , u s .i n cj a 1 0 niL 
a u p e r .1 o o p f o n t o a S o u r c * : 150 XV 16, '' 1 0 o o 1 u mn o q uiIj b r a t. e d i n 
starting buffet: which c< aa s 1 a toad of aMj al buf f g r A, containing 2 5 
mM potassium phosphate buffer (pH e op , 1 mb? DDT and 1 niM E DT A , 
and 1 00 buffer B cc-r. t a .1 ni rig 25 mil poacassiam phosphate buffer 
(pH 6.9), 1 mM. 2>DT and ! mM X PL A and 1 PI KC 1. . KPHMT was eluted 
of the- Source 1 oo XV It, 1 0 column .in the oca me way it was e luted 
of the Hi prep 16 7 1 G Q XL column. KPHMT ode ted in a single pea 
ao one o 0.4 PI pi;o<oa5 leri chloride. 

bloao: f : eoc: nans w> ; ::e accessed for KPHMT con to nt ioy SDS- 
E AGE . P ra c t i or. s e:ooo a a in : ng K 1 PMT we re pool ea ana dial y sed 
o v e r r. .1 q n t a era 1 :o . a . : a r t : n a b a : f e r . 

KC1 craolierPa useoi in an con eooahano[e chroniatography of KPHMT: 

a te:p 1 - Li t • J . •] M 1 ( 0 - 5 0 mL i 

s 0 ep L - a • 0 1 . 4 M KC 1 i a : - 1 i .') mL ) 

step :■ - I . -1 t o 0 . > M KC L ( 1 1. e) - 12a n.L) 

aa-ap 4 -■ at 0 . : M KC1 (110 - 1 eta mil 

step a- - act to 1 M KC 1 (1E0 - 190 mL ) 

step > - 1 11 KCl (190 - 24 1 mL) 

Hi load 16/^0 sapordon Lab' pa gel filtration chromatography 

p. cor i •. was lease:! : n lea.;- than 3.0 ml, aaia a Hi lead 16/60 
supe rdex 2e0 p>g equ i 1 ib r ~ te ai in buffer aont fining 50 mM 
potassium ePosoh <tae buffer (p>H 6.9), 1 mM DDT and 1 mM KDTA. A 
c on s t. .a n t f 1. o> w rate of 0 . 5 mL o e r mi n ai t e v/a a; ma i n t. a i n e d a n d 3 mL 
f r a o: t i.ona w e r o c :a 1 J e a; ted. F r a. ~; f. 1 o n s uant at i n 1 n :j K P H MT v; e r ^ 
(ieaemi neo lay LDP -PAGE , poeolo.i and ease ceoa f r a t ed by 
u It rat i 1 1 rati o a t. o g r e a t: e r t h a n 5 m q / ' m L . 2 6 meg o f p r o t r an v; a s 
o) b t .. a i. n e c i t r o m a .'3 L cadi c u 1 1. a r e . 



2. Protein crystallisation 

The s, ampule of KPHMT was aoneenaraite:] too 2 4 mg/rui in 4 0 mM 

of kutopantaahacteme (KPL; proaucf) and 50 mM f I hi PPL pH 7.4. 

Pit f roe i e>n -qua 1 i t y sinnl^ crystals of KPHMT w< ? ra 1 ^ie.,; iacd by 



» 



the hanging-vapour diffusion method at A "C. To- make a drop, one 
v o 1 u me ( 1 - 5 u 1 ) o f p r o t e i n s o 1 u t i o n w a s plac e a o> n a s i L i ■:■ o:> n i s e d 
< : c- v e r s 1 i d e , a n oi t h o e qui v a 1 e n t r a s e r v o i :r ~ so .1. ut ion was a oi a e d .a t 
I o u CI . R e s o; r v o it solution containe d 9 % ( w / v ) PEG 8 0 0 0 , 5 0 mM 
NaCitrate (pH 6.3), '.0-100 mM Na ( CH yi:0 : - : ) and POO mM NaCl . The 
plate was sealeoi within 1 minute a no left, at A C C. After- 2 
hocrrs the plate was placed into a polystyrene box, then the box 
was sealed arid : I i *--d at. 19 C . : i ng.l crystals with dimensions 
• »f about 0.5 x 0 . o x 0.1 mm appeareoi within one or two doyo. 
'i'heso 1 boior.ged t <a too noorooo: 1 i n i o: . p s • • t • gf-jup PI \ with coll 
I <a rame t o- r s a • - n . 1 A, b - 157.." A, c = 1 Co . . A and 0 ^ 9 7.-1°, 

; a o: ooiTimod a t r oi on*- oieooame r i. c enzyimo p>e.r a s ymme t r i. c unit., with 
, : o c Iceuot oo)nterot o t A 9 : ' . 

Tho- So-Met KthMC ■:: r y s t. a Is , whiout v:or<i piO'p^rod in a similar 
way to native PhoHMT c ryst a 1 s , souloio-m u rev; 1 a r ger t nan D . ?. mm o>r 
•hi :ktt * to; about - urn. Tho .Oct— KPHMT stock s o .1 u t i 0) n 
■ est t a i. n o-oi ^ mM MPs -co: 10 mM OTT to p-ro>t.ect toot.- .bo atems f rem 
'.i>:i a a t i on . 



• . oat. a oo 1 lection 

The struoture oi KE'HMT was soloed by the MAO method (9) 
using the SeMet. ier : v ;i t i. ve . Pa fa to :> . 1 A resoPL ut r :-n we re 
oolieoteol ht 100 Y. f :o: three wa velenat hs on S: it ion 1 ' 1 - I u of the 
.'.true tur al Bi..o)lo»gc tot vo at tlie Aovanoed Ph :-t on Source oof: 
;\r:| cine t lonal Lao- > o a tor y , Chicago-, OS. Crystals of KPHMT 
v/ere c r y c - o r o t ec t. ed oy a prol:co:ol • I gradual soakinoi :n tiro 
:r yo>-oroto ::t,ant PPG-lOO . Each crystal was pb:u:eoi i n 00 ml of 
: r y s t a i .1 i .s a 1 1 on solution, and one coonoont rati on of E'EG4 00 was 
jradually oncreasod to 205 (v/v) on [< h i no; r eoon t s . The sooki.ng 
time at each Piv54 0 0 o oncoon t r a f 1 on v;as a mrniroom of 15 minutes. 
.A o o < i c h co o a i r-o n t , r a t . i : > n s t e p , K P t was a d d e : d t o a c o n c e n tram o n o f 
. I mM . "'fro ft a s h - : : o co bod o r y s t. a 1 a w < > r c ; u s e d 1" • : oi a t. a c c J. 1 e c ; t. i o n . 

A i j X -- r a y f 1 u o r e s e e n c e s p) e c t. r u m was re c o i ■ oi e oi and u s o d t;. o 
o ■ 1 ec! w a v e .1. enc]ths f a r s u b s e q u e r 1 1 MA 1.) • i a ; : i c <: > .1 1 e c t. i on . 10 a t a 
.aa- 1 .1 "o t oci at., the ta^ dbs^rp>t icuo • to c ao ^ 0.5703P A, t ho 



a b s ■: r p t. i c> n p e a k op> = 0.97 9 2 7 A and at r e mo t e ref e r e n e e 

wavelength Ar = n . } > * • A. The diffraction data were indexed and 

integrated using tne D*TRE1K suite (10), and reflexion;: wer^ 

i n<ie xed and .integrated using MOS FLM (11). The throe data sets 

woe:-- seal ed to tne remote- data-set using SCALA ( L 20 and 

st : : uo t u re - f act or amplitude.:- were calculated using TRUNCATE (13) . 

Statistics of th- processed data are? listed in Table 2. 

The native' ''lata set was collected to 1.3 A resolution on 
3t.ee l. col 1A J - AO. A or yo-pc oo ec: ant solution for' the rat i ve 
on, - 5 i • contairo-o - PlAl~72Ai, to mid Na'Ar roe (obi > . ■■ ■ , a?- 100 
mb K'a (or. AA). ; ; , 200 n M bJaCl, and 2 0 2 of IbGdOO. 

■1. Otracarn.ro- no to rrni ua 1 1 or and Refinement 

162 out ot too- i '•: C : 2e s i. t e:E in the asymmeer io unit we re 
fo-und w i to. tne portogram Sri El (In-) using direct, metnoco and 
anomalous di E Ee r-oce o:.a.t.a of no: 7-12- ■. \ . Oata were j in ; < >■ \ with 
A/022'/ (it) in : no all three wa ve .1 e-ng t n data sets, wnicr also 
re'tr alec two- additional. So sites in the residual maps . 

Data collected ant tne rent t e wavel.engtr were t ree ted as the 
re io rente data so 1 a no resolut oon limits ot: 4 0 to 2.3 A wiue 
imposed. Expo r i noon t a 1 values o f the anemia l.ous di oncers ion ( f ' 
ano f ' ' in Table 2A estimated from : 1 uerescence spectra were 
used ano refined during analysis. Tne resulting values are very 
similar to the- t he-ore t i. ca 1. values and are 1 given in Table: -A 
Expo r imeri t a 1 phases were improved by so 1 vent :: 1 a tte-ning us; i.nq 
S21SS10N ( AC 2 4 , 1094), vi a t.he SUSHI :j r apon i :oA_ ro n interface (La 
FtoooAie ot a j . . , 199 7) with a solvent content of 4 201. The: 
final o.l ect r coo -dens i t. y map was noisily i. nteror-Ooble and the 
w n •: . i • roej 1 ypop t i tie ot o i i . was an.si.gned based on the initial 
e ] oo 1 r on oensi t y m op . 

r F h o ? poly p) e p 1 1 o I e o. 1 i a in wan f i 1 1. e oi : a t.ne M I\ U ( > .1 < > c t. ron 
dens i ty map lining proqrsn ;) (10). Rounds of ma no mum likelihood 
reb ncrient. with RFFMAC (17; wore alternated w r fin visual 
i. ri s p (not i ee ii of; e .1 e c t r on lemo t y and ma n u a .1 rebui In: no of s.i d e 
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chains . Several r<:unds of simulated annealing witii CNS (IP) 
were mc luded to refine the position of the main chain proper I y . 
Table 1 provides the atom.i c coordina tes of the? final model. 
The quality of the final model was assessed from 
5 r.amachard ran p.lots and the analysis of the model geometry was 

carried out. with the program E^ROCHECK (19) . 100 ot the 
reflections were- set aside for Rf r ^,^ calculations. The pic: 
: si i • \: t • •• : that ?() . 2 1 ot : he .residues lay in the- faveurahle 
regions and 9.8' i r: toe a 1 1 owed recites. The final R and R r rr , r> 

10 i: actors • • 1 trie- s t. r u ■:: t a re for all re- f 1 e-c t i e>ns be t wee-a 7 0 . 0 and 

1 . 3 A re- s o .1 u 1. 1 on s we- re 0 . ?_ 2 9 a nei 0 . 2 0 7 , re spo c t i ve 7 y . T r. e 
structural moae 1 ; ■ r K?HMT consists of a decamer in the 
a 5-: ymme c r i c u n .1 1 w i. t n 2 , 3 7 9 am i ne- res l cues , 1 :1 , 7 0 o i ot.e i r. a t cms 
!r.on-hyclrogc!'.) , 1.09 s ubs t r a t e atems ( non-hyd rteien } , 1,61.:. water 

;1 5 mo 1 ecu Les .an si 10 me t a L 1 ons . The- las" eye L e of the ref in anient: 

w i thou :. KC3 - res c r a : ns ga ve a re' a so nab 1 e s tereo-ch em i = t r y by 
c : r j i .1 2 : : , 01 0 unique re- : \ ec t. ion s in the range -of 7 0 . 0 to 1.8 A 
resolution. The root me an- square deviation from standard values 
: i • • D.J96 A in bond distances i'l-7 distance), 1 . 7: c in ancle 

.2 0 diet an ::es (1-7. dist ance > , an el 27.1° in dihedral angles (planar 

I - -\ distance ) . Freen a Rainae:hanel r an p 1 o t the model wa s 
cons ide red to exhibit a gooei s t. e r e o - c h emi s t. r y . 



.9 1 ru c t u ra 1 Cha ra cter isa t .:.on 

Trie crystal structure of" KhHMT i. s based on a de c ame r i c 
asymmetric unit formed loy a pen tamer e>f dimers related by a non- 
c rys ta L log raphi :: fcive-f-olei axis. Figures 3a and b show ribbon 
r o p i" e s e n t a t i o n s of tne oe tamer i.c structure as v i. eweei 
r e s p <e c t i vely along a n :i from t h e s 1 :i e e) f t h e n o n - c r y r ; t a 1 1 : > or a p h i o 
f I "e-! c 1 ci a x r s . 

T n e^ d linensions o f t h e e.i e caner a r q a p p r o x i m a f e 1 y 1 0 0 x 1 0 0 x 
7 0 A . T n< • a o c • • > s s i b 1 e a r oa o f the tie came r , H 3 , 2 0 0 A" , i s sma 1 1 
considering the surface area for each prot.omer ( i . e . monomer 
subunit) , 10 , 800 A' , while the burred surface of each prot.omer 
is t -, . Tho r]os>o paokinc of the? fmot nmors 'exp hi : im th<-- 
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p r o t e i n ' s remarkable r e sistance to denatur a t i o n b y h e: a t a n d u r e a 
( 2 0 ) . 1 h e 1 n t e r f a c e b e t w e e n protomers i ri e a c h d i i m ■ r i c unit i s 
lirge (1140 A") and tightly organised, involving 22 i20 
h yo: r oph i 1 1 c and 6 8 hycr oph< sb r o* ) Interactions. However, the 
interface between p r o t o>mo r s in the pentamor is smaller (760 A :i ) 
a no; involves only 2 0 (6 h yaro'ph.i 1 i o* and L -3 hydr c-p : .< >b i c ) 



ii. r er a c t i (3 n s . Ft o r t h i s i e: a s o n , w e 
f i ;r.c 1. 1 ona 1 unit. This is o:o>rreioec 
A > 7: > e r J 1 1. 1. :i s n .1 i:i : a 01 5 , w h .1 0; ti i s a r. 

as roe: i ma t 0 i 



■elieve that t 
ed lav t h • • hom 
v dine : ( 2 . 
s p n o- 1 .1 0: a. l a n 0: 



dimer 1 s the 
■ cue from 



.<ce 'Overall 

>r. top and 

le and d. The 



10 <:; 0: n pr(S;on'r r .10 . q ; 

: :.. • 0)f 20 x 21 0: 4 J A. Fiobo-n r e p' r e s en to a ■ 
so: so- views o= f a p>r o> t ottos r are pure s 0 rs: ed in Fioure; 
t * rtiary st rue tare- is aae u <p H {TIM f eriose phospha te isomerase ) 
Is <■: r r ■ e 1 w 1. 1 h a n. e >: t r a tx - h e 1 i. x 1 0 o 0 t e a a 1 t: r: e b ase ■ o t; h e - lo arrei 
15 (1-1) . Tno barrel consists of • o • e s tsrahle 1. |]-stranls surrounded 

ho ei oh t <x-rie laces. 



0-> casus cc .a j 100 soar; t 

:: proteins c r t r -an s 1 a t. eoi ge no - s equer so s hao'- been 

20 i dent, i lied using a PS I -BLAST soaron, vitn high enough simr larity 

t ho s:lassified as nie:ntiei:s o>f the FPHMT family 2st . The onsyme 
1., iooaol in i: soter 1a, lov/er eusa ryo r es 00 . g . yeast ■ and in the 
p>Lant Arab idopsis thaj laaa bat. is neat foeod in C a O'lorh abd.i t i s 
elegaso, Drosoph:.ia me J.anojaster -or, as yet, in other higher 

22 eukary;>tes . Triis is conr.istent v;i th the end p>roeioo of this 

p>athv;ay being a vitamin. We love csa : vs.-- i tone s-ju^nces : : 0:1 
t. sss 2 2 memoors of this:: family to i dentil' - / re saooss i.mportarit to 
too.' mode of action. Correlation root ween primary structure among 
i sve mo miners of the KbHMT \ a :s ; .1 y 0 : \ the seconoa r '/ ac ro o * a 1 o of 

2 0 t . r 1 e F . c o 1 1 e n z y me i. s s h o wn 1 n Figure 2 . T h e 0: o n 0 ■ m s u s 

3 tapiene s. ) , gene r a t. oaO by C i a s t a 1 W (2a) vi i t n t tie s 0 1 ay r - n c e s of t h e 
Vj ;iie:r:b(aos, highlight s; rTnit of t 264 residues,, 0 r i d : au- - • 1 • •. 
invariant whi its an adcli t i ona I V' ; are conserved. 3 lx con ser ved 
S'ogcicf 1 m o t its, a t I e a s t six r e s 1 d u e s. 1 ra 1 e n q h h , w 0 re also 

22 oa:t il ied. 'I'hesn an- ; ' hf ai Va 1 (■;.] yAspSo rdaeuC 1 yMO , 
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1 : l Val Lysl leGluGlyGly 1 Uj , 1 ' s G 1 y H i s X G LyLeuThrPr oG In 1 ' 1 "' (where X .1 s a 
h y a r o p h oh i c r o s i d a e ) , 1 4 y G 1 y G i y T y r LysValGln G 1 y : ' : '\ 

" " IJ 1 leelyl leGl yAl aG 1 y^' :J and ' ~ A s p > G f y A snll e L e u V a 1 ' : J . The f irst 
two of the? six m<;>t if s contain residues shown in the crystal, 
structure' too be uivolvod in brndrnor the k-topant.oate (and hence 
t n e s u lo s t r a t e .< o r nee t a 1 i on . 

jel e t. 10'n of residue Gly 1.G8 (whi ch corresponds to Gl y 20b 
i n tue fifth mot a f" given above ) .: n A. nidolans has been shewn to 
\ \ ' v • • re cell ••; r • oc : i ( : ) . T:..i s residue is invar rare: i r. \ < ;i 
of *.c.>-. .; : hG'HKT ;;equeno:e3 anei ins t a t eoi to .or : ?s • in a octert c a 1 ley 
i r.ccr re;- i so form from Pseud rwion u s rorugjn osa . Thus, one rent i f 
may re eeqoj i red Lor correct o d oi : n \ of : he p.rot.o in. 



SLibstra- e Binding Si to 

The- substrate binding site i s .1 oca ted in a. 1. arqo cavio y at 
tne erotern C - 1 ernei r.us eneis <: r the p-strands. lie cavity 
ex nereis almost one quarter' the distance in to the protein and rs 
about 2 1 A in length ana acoir; 3 0 A x It- A in transverse 
section. The substrate is believed to lei no before, the co factor, 
bee a us e the cof'acr o r bir.as at t hie mouth of the cavxty 
ef fee: eve .1 y t 1. ooeinq access t o the- cavl t y . F i. qure 6 is a stereo 
pair wire-frame electron density map of the substrate binding 
site showing a k-t opart cute product mo Lec u le (Kit) and a me t a 1 
ion bel i eved to be Mg" + on wh_tch the- enzyme is dependent for its 
cast et ty . 

The- electrostatic potent ial neip for' :> pro: omer i shown in 
le qare 7) oiemooni s : t a t e s ted r.e op-ni n^ netuth of t;he bindine 
cavity is nig.uly oeia rgeoi . Tho sur face coritai no eight highly 
conserve:] r e s r dote s t.nat :o yd r oge n b .• r : d to each other and the 
enetrate or p r od',;c t. . As snown in Figure :3 , which .is a stereo 
pair ribbon rep re son t a t. i on oi t.he rending cavity, Asp 4 b a n i Asp 
i to y d r o q o n lo ; ) n :i to G In 14 2 a \ i d i ; y • 1 1 . , n " s p e c t; l vet y, wni le tor 
'1 ti , G 1 ii 131 and Lye; 112 hydrogen band to ketopant.oa te and the 
vendues Tyr 2 b f His 136 and Asp) 84. 
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The Mg"' ion is bound in a distorted octahedral binding site 
of the Landing cavity. Residues, Asp -la and Asp 8-1 occupy axial 
a n d e q u a t < a r i a 1 p o s 1 t 1 o n s , r e- 3 p c 1 c t i v eel y , while < P^ u 114 
coordinates to Plr'' through a water molecule th-it occupies an 
equatorial po;~ ir ion. The Pets. ar;d c.irbexyl at'-ups eel: ohe 
p r e d u c t t a k e- o p a n a x i a i a no an e g u a * oca a 1 p c > s i t: i o n , 
r e- sp ec t i ve ly and ohe last equatoi i<3.1 position :s 'a;; cupiecl by a 
water moiecuie . F b : u r o ' : ' shows a schematic: rep}:e:-:er.':atiori of 
* a • d l s t o r ted octahedral binding sit*-. 

The- coo rol i na a /Fon a re -end Mg'~ + is lis sorted due to hydrogen 
;ooooo;isc: oetweer or,. 1.6 1 cuooi tne h ydr< ooymethy 1 uroup <:T tne 
tCLonct . We- a • a :* c • • the qe :, ometry of th*- Mop' ion is less 
c, i s t o rt eol , a no! her.ee 1 ower i a s t 0: b> 1 1 .: za ' ion euo s ire , who n 
ke t sp> an t :>a too (product) 1 ; : replaces 1: y a-oh7\ ( su bstra t. e ) . Th :. s 
may ;oe oane me :s. ai.i. oir by ionics. • n>./ cio^/iu* ■ sens e.:- ana release's the 
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As yes, a ':■ , 1 0 - CPh-H 4 f o 1 a se -oof actor o ending root it has not 
b e e u 1 d e n 1 1 i i e el o y X - r a y c r y s t a 1 he g r a p h y . I : a n ■ - 1 h e L » ; s 0 , we h a v e 
developieol an ap>p>rcsaca to find the onoiactor sending site. 

r n i t i a 1 1 y we coamp) a r ed ou r oiruetor^ to s true a; re; s of 
t tisi n y ci r o f o 1 t e - d e s e n d e : 1 1 enzymes refund tee to] ate analogues . 
Tne January, 20-01 release of the Protein Da f a hard: rOE ■ 



0: o ntain s s e v e n -az y me s 



t h 



bind tet: 



• 1 ,C:e (Tilt) . Inese 



are d i h y :lr a f 0 1 a t e reductr; oe (DM Fid , ponoapdra iu b-'-s y 1 g 1 yei nam 1 de 
i a ray 1 1. r ans fe r ase (P Fed id , met hy P-'net: -v: ra h ya r c > f ■ ■ r a t e 
denydrooenaoe iMTDH) , ql yc r n amor tie r _i bossies! e ■ >t ide t ra n s f 0 rmy 1 a s e 

(GPTid , thymrdy late synthase (TS; , S'S'ino Pydr ■xymetnyi 

f. r an s : or r a so- (ShMT) , and mo t hy 1 e:n- 1. eta -a nyd r a :a ) 1 ■ ; a e reductase 

( M T R ) . A s t; 1 u c t u r a 1 s i m r 1 a r r t y :aaioa o y t. : 1 e \ - to q r a m DA LI (24) 
shows t.. hat only four oi the abov^- proteins ipp-ar f o be simi Pa 
to PPHMT. These are PF1R, PHFR, PRGF and SHMT, but lar MTR, DHP 
a nd } TRG F , t he d 1 s lance o t t; h e f o late c o f a c t o r u 1 n d i n q s i. t o 1. s 



1 H — Fi 4 f o 1 a te or aria.l og'-es 'hereof 



too far from the substrate binding site relative to the 
c ; o r r e s p o n d r n g (distance in Y. P H M T . 

This left 3HMT, whion appears zo be functionally similar to 
PTHMT, although SHMT is a <:lass I aldolase (KPHMT is a class IT 
aldolase) because pyridoxa.. phosp h ate is used in addition to the 
folate- eofuctor. Given the- crystal structures of SHMT from E . 
coli bound to the folate, P - f ormy .1 -THF Poo) and TS bound to 

6 i , we- we r e ab 1 e to 
propose a f oca ta t i ve moelel t o t: the b iodine , 1 0 -0 H h i f o 1 a t e to 
KPHMT . 

Pe-xt, using rnu 1 t i p 1 e s equenc- - - alignment (see Picture 5) to 
1 dent i f y r e s i .due s impli sate j d i. ri coef ac t or bi rid i no , we? were able 1 
t: fine- t ar.e t h e p reposed mooe 1 for :: o f ae: or b. incline. T P. e fine 
* .ore u mode i is shown i ro Pioure-s boa ano: o wh ioh are side and top 
view stereo pair' ribbon ree resen t a t 1 ens oi the- mouth of the 
h i no i nor c r; i t y . 

Ire tnis ;mo :ro i , !: , 1 0 -orb-fb f o La t e (inTHP) binds near the 

entrance t<_ 

beov/eer. the target carbon atoms, til m 5 , 1 0 -odd >-HP f ola t e and C3 
1 n :;. h e s u d s t r .ate, i s a b » e> u t 4 . o A , a f a v e > u r a Is 1 e d i s ranoe for a 
re ac t io>n te- occu r . 

Trie :-:'d : ac:or makec relatively feo; car.taot:i with the 
protein. I nt.e rest, iecily, these contacts are located in real ens 
of unde j fine-d secondary structure, namely, the loop regions that 
compose t n » • entrance to the binding cavity. The io:ps in 
question are; between |V; .and a. 7 (hi), <x9 and al 0 (Li) and + :hc c;:- 
te-rminu s (Po) . Pod rig regions of undefined seconda r y stroctu re 
: n e .-• .• •• loops may oo P : oh I y flexible aril thus, undergo structural 
c nanqes u o o n c of ao t or b i n ding. W • ■ h a v < > id o n t o i i e d c o n s e r v e ci 
r e : • i c j u , . : t h a t . i rnp' a r t e r. t: h e r fie x ltd 1 : t y o r ma k o s t r o ri o 
interactions that may impart r.igio.ity (dr-lo ni t i on) to ! h-vs^ 
Icons. Thus we \ - ■ \ i^ve that upon cofactcr binding these ] ( ,or s 
mi ci *; oqo oi i s c r e t e s t r u o t u r a. ] c: h a n g . * s . 

L o o p , PI, c o n f a l n s t wo of t h ■ ? six above- ire • n t i o n e d o ■ ca s c r v e < 
mot lis. The first boilf r»f this loop, i b.rT^d d<-u-.-e :u + P- 



he bo no i no cavity at: a dents of 15A. Toe distance 
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b i n d i n q c a v .1 t y T a n d contains Gin 14 2, w h i c h H-bon d s t o t h e a x i a 1 
Mg ' 1 i g and, A s p 4 5. This h a 1 f o f t h e loop is pro:* a b ^ y r i q i d 
s i n c ( ? it. Co n t: a in;- a turn be t w e e n A s n 1 4 r ; and G 1 y 14^. T h e 
s e c o n d h a _ o i t x e 1 <; o p c o n s t s t s p r e <:1 < »rni nanti y o f c h e s e cond 
motif. Both end.: of t h i s motif, namely residues Gly 143 
(invariant; and Gly 1 ' ■ 4 may make thi.;- part of the loop, flexible. 
(Gin 153 is implicated .in a hydrogen b< o;d to t;he .uoiede <«f leys 
Lc.l , which upon oof actor binding may move to ircx-uaox with the 
po iyg.l u tamat e chciin of tnc eof.ict'Or ■ see i >••- l * w t • x in. ■ 
d i sou s s i on ot this) . Loop , 2 2 , is l - x . x [■'■■[ y bee w i th little 
s eoKoce (or; s e r va o o: x . leva :: l mt G ■ y J: 0 max/ i im a .r o s < >me 
flexibility t o tcois 1 oop whi..e rest idu> -s Asp . 17, I.ys 2. S cm; ?ho 
2 2 ^ are- irnpl i catod i r ■ c Gx x xc the- c-dector. 1 n ! . , i rc;a rxant 
Pro 251 is is van do r Waals •; ; xta-o w: th Gly 20 i: cxd G ! x 211, 



w x • o • His del hyorcoxxi bonds t :> ley 3 .-. . -■ a:id Giu . f do Tnas, the 
deh-jtion est Gly 16: . x A. x i do: 1 ocxo woxl.d . • • oa to ; : ortion in 

th e loop between (57 ;ok^ |}8 w:xd". ir.ay :i n t u r; les<: toe a 
dis-:)rdeiinc] in ad. j aoorx loops sucxo . is Ld wh och x c: 1 d potentially 
or event :ofa ::tor froro cinoiirxg. Vat, t he r e to re p tx-r-jse t hat: the 
panB auxoxroph from A. ni-:lul.ins ; s cxiaod by the inability of 
the nxtant. b PHMT enzyme to bind t no ^of tcroi and Ctereiore to 
f unct ion . 

There a re f ou r ma i. n prote i n-co : tor : n t er i cf ions , name 1 y , 
three hydrooeri bc»nebc arid a n - s t a c k i n :| 1 n t cm' a t i on . Thx nitrogen 
atom at N2 of 5 , 1 C - GJI : -KG f xl a t e hyareeien bonds to A-.p 1 7 , while 
the side ooiain carboys/ 1 group of t h • - firs 1 : gL'itarnate hydrogen 
bonds to \ u«- carboxy.1 group -of Tyr tdc), and hys 1. o. A stronger 
interaction is a n -stacking or hydrophobic :x~o:era dxon bet. ween 
the p-aminecenzoic acid (PARA; ring of one e afoot -r and the 
highly conserved residues d' v r" i ' 0 ; and Lose 22 9. Tyr 1 !"> 0 or 
re hi ( 1 x y 1 a i a n ine, w h i ( ": h in thi s i n o t. a n e e i . : a f unct i • > n a 1 
replacement, is found at; thus po a it i on in x; out. of the 15 KPHMd' 
s e u enc^s discusso d a b o v e , w h i .1 e • } ':\- 2 2 2 i s f eo u n d a t; this 
p o s i 1 1 o 1 1 i n 2 4 co u t :. o f the 35 K P Pi MT s e g u e n s e s . I n t e r e sti.n a .1 y , 
crystal si rucXures cd the TH F- depeuxden t enzymes, TS and 2HrOP, 
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w i t h c o factor anal o g u e s bound, a 1 s < -> imp- 1 icat e a n - s t a c k i n q o r 
h y d r o p :a cbic i n t e r a c t r r ■ : a b etween t h • - F'' A B. A r 1 n g a r i d a t y r c > s i n ee o r 
p h eny la la n i ra <~ j ( 2 5 ) . 1 a w o u 1 d a p p e , j r that n a t u r o h a s < v o n v c r g e a 
on this n:echr.ni;:.m to bind folato C' - factors . 

K o s t f o 1. a t e - d e p er.den: en a y rrie s h a v e a h L q h e r a f f i u i t y f o r 
the pciygl ut.tma^e form of the :o.la*e cofactor, with the greatest 
Increase in affinity (-ccurrinq with two or three glutamate 
r eiiaoe:? ( 2 7 j . ?re;:uriiatly, trie po ! ygl uaamat e tail i no reases the 
a f f i :a i t y : 'o r enotyme throuah i tit era a:, i ens with rear face pos i t i vo 
c h a r a e s . f :a t. he c r y s ■ a 1 s t r a :: t ' ; r e ( :> f t It e b 1 f u n c t l. ona 1 e n z y me 
of :\y : r ■:■ I o ! , t- r educ t a se - t h ymiely . a to >• yr. r ha se f rem Lei srhman a a 
:z!apozg 1 hi-- p > .1. yu I a f a ma t e tail of" d . lay a r o f ola f e maKes few 
spec i. f Lo :a: iv acts rather ts te.d it, p lat- by the positive 

■:har->t of tn- i a a 1 eiaatrjst i: i.c field (.18) . We have 
i d-ia 1. 1. f i ed f = >ur positive re s iduos in bbHra'2 that, coaid interact 
with i a- • rtiyqiutaneo- :ai ... Tries- : > ■ It/s 151, Arg 1 hi: ! in 
leap Id ' , by.- 2:1 fin hoop- 12 a. a Hie 2 6 1 (in tooo Lb ) . 



3 0 



KPHMT if; 1 hyais 

Pd'hMT catalyses, tne trana i-a' d: a hydr o xyme t hy 1 group from 
cor'actor ( a , lO-chb-hbf olato ) to substrate (a-KIVA) . The 
t rtuat; f e rasa reaction is an aleioi r-aor ion, namely deprotonataion 
of the ' ' • - carbon of u-KIVA foiir)veoi by n a c 1 eop»n 1 1 1 ■:: -attack or. 
i: ha oo f a c. tor. the crystal structure of tne apt enzyme gives 
irisagnts in ft the first, s t age in tret enzyme me :nan ism, namely, 
act i vat i on of s cost rate arid at' facte a:. 

Idea ah carbon is intrinsically aca.dr a taiaugn conjugation 
ed tne ::a rtoxyl and keta q roup , however, its ae idi t y is (enhanced 
;. >y eoorir nat na of the substrate t > the matures: am ion. 
PI a a n o s i. a m c o or d . tataoa aha a :~i ah arc an d o tie n 1 5 ; t h e sui > s t rate 



i o r 



a s e g a ^ n t . d e p rota o n a t i -a n a n :i n a c leoph r 1 r. 



d.t ack 



A! so, 



ht 



i no r e ase i n d : s 1 .. a r f i o n f r o:a o ■:: t a n e d r a 1 qc s ome try bet w < > o n 
substrates and product bound t o trie ion mar/ be one mechanism by 
wh i c h the e n z yme senses a n d releases pro due t . r h he ha i : ; i c resaj u e 
l n v o 1 v ^ d 1 ri ab.t fract i - .ai o f t. he C - i p r < :> t on of < x - K I V A \ :a b * d i o v o d 
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t. o b e G L u 1 8 1. The basici t y of this residue is enhan c e c i b y a 
network of hydrogen bor.clo connecting residue Glu 181. with 
res o; ues Mrs 13'" and hyslls, which constitute an invariant 
triced. In * n- - erystal structure of the ape enzyme, Glu 1 C L is 
involved in a hydro geca bond with the hydr oxyme thy 1 group of the 
proouct ketMpant.oate - giving rise to the greater distortion 
from octahedral aeometry. A final role for- this, versatile 
reside: e is a r the a tie in the protonation < » f Nl 11 of o , i e - < k p - 
hpfolate. khalle-h and Jencks (29) ha v • conduced that the 
reactive coupon ri t. of t ne c> , 1 0-Ci-b-:b rciatc co f a r tor is the 
i mini am i n t. e r med 1 a t e , .[coined by oreae:iqe of trie CI ]-N10-bor;d and 
pro + : oration <:: t I ! 1. 0 . Th i s is supported i:y -. he crystal structure 
of T8 from c t: . 'ice c i i 2 us case 2 where the : mi oa ::ol i dirie ring' has 
cpeneci and the ,mi r irm int-: rmed Late :aas be--n hye.ra.ted (26) . 
1 her, ohlu lei is r - i Leo d t o abs oms a pa etcca t ran <x-K!VA and 
supply it t: th- -co f actor . 
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? p 



p a n t c t hen ic 
i n te r need! a t 



Kip; dense for Co-^p-^rativi.ty 

'rPHMT, tone first, prcyiue in t ne tat hwa y for the synthesis of 
ci .; i see Figure 1), is inhibited by later 
, namely paritoate, pa n te> t hoaea te .and Co A = 1 ) . This 
is most prop.cii y linked to the decam-ric a r cr. i t e: t n re of t ne 
enzyme and involves mul t ip] e binding sites for of feet crs such as 
1 a t e r o a t nwa y i n tat rme do a teas' . All three, pan toa te , pa ret o t hen a t e 
and CoA exhibit negative feedoacc, decreasing V ri - :X , increasing K in 
and enhancing o toporati'Sity for the substrate. We' be] icve wo 
ha vo f o an d e viol - aa ceo • ; - bol. t t e-n t a t i v-c f of comrnun Lcati on be tween 
p } o tasiae' r s r a p> r e ~ r equ i s i te for coapet:at i vj ty . 

As pointed oat < • • o . j a: , the ].nt-:af ao bef:weeri prctorners in 
tine a nne ric uni.t is tightly organised, involving 88 CP.) 
hydrophi lie arid eO h y :d r aph ;>b i s . inter act ipcs . In particular one 
network of hydr erai fccids ..inks \ re bin-ding ca vit iac-; of fh^ 
v e r ! . i r. a 1 1 y a < d j a e: e n t. p rotomers . In the ( 1 r y s t a .1 s t r uctun? el t hi r^ 
apo enzyme, the products in the two vertically adjacent binding 
eav t bee ar^ s'aMiatcd by ran 1 v 81 A. The H-bond network 'eg "iidr. 
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from ketc pantoate to Sor 4 6 then Tyr 25 and His 68 c f one 
subunn to Tyi 6 7 then His 6 8 then Tyr 2 5 then 3er 4 6 and 
f i n all y k e t c> a n t o a t e o f t h < z - n e x t subunii; . I n t h e m u 1 t i p 1 e 
sequence alignment discussed ate ve ail residues except Tyr 61 
5 are- conserved. An interaction between 7u=op 2 6 of one snbunis and 

His 6 ^ oo: the- next could replace this int e raet i on in orqanicms 
whe re- t he- re i s no re si due- a •: pe?:.tion 6 7 able- to H-bond to His 
6':. The a L c. e rn a t e H - bon< i necwouk would then extend from 
kept: ai.'ja re to Se-r 46 then Tyr it then Asp' in o f •: r. • • snbanit to 
1C His 6t t h'"' n Tyr ' 'vest Her 46 and finally kepianoai r- of the 

roext: s ai .n; t •. s - • • ■ Figure' 11.1' wr.ich i s a et-rco pair: ribbon 
reore serosa t: i sn o f : the o i no i. :og cavities e: a moel i. f i ess KPHMT 
cui me r :■ . 

VI • i ■ • ■ i v T * < - we- r-ave ■ ; 1 a ~> i etc n 1 1 f 1 e- d '"(.amiani ration oerween 

15 sabuorss wit.nin the same pentanier . This i nrer face is close to 

trie- 0{" : :n i no t.o ens toinoma cavity, the e-tocminas (loot, LI;, 
1 :op, 1] and the o-termiuas :o: the adja-vot caoarat i see Fiaure 
lit: v; to t is a it.ereo oai.r riboon repre.oait.at i. en of the 
intea'tac'C oetweeri ad j a seta t: KPHMT dimevs) . Bitting of e:o factor 

20 ant sat.- 4 r a t •;- would atf est: tee struct or- of loop?, hi and 1,1 and 

tnus .-if feet ties interact i.on at this interface*. of particular 
note, as the re or i on wi t h in loop, LI tons i. st. inei of residues oly 
118 cv> tblou 156. Residues, 6; In 112 and Tyr 150 are r espe c 1 1 ve 1 y 
implicated in 1 n t: e r a c t i n i with Mg''" + (indirectly.) and cc-f actor . 

25 We have a 1 s c a.den 1 1 f i e ;1 1 resaidae, hys o d , tnat in the crystal 

structure of t.ne aoo erizyme H-btnds o:r >ss the i r.!..C}l" act; t.o The 
5 O' tiro adjacent dimer. We speculate 1 t:aat binding of cof actor 
will cause loop LI to move in tnis real ti , the Lys 151 - Thr 5 
int f a ract ion t o b r e a k , a a i a n -a w 1 n ten a c t i a n be t w e o n I .., y s 151 a n d 

10 the pol y :ilut..ana te tail ot the oof actor to form. 

lf:rcrt a:--t]c ci Druq /tovc;n 

Detenniiat ion ot the 30 structure of KPHMT provides 
r mp o r t. a n t. r n f ) r ma t i o n a b o a t:. 1 1 i e b i n • i i n q s a t e s of KPHMT, 
1 [ ■ part i eu 1 a !" 1 y when comparisons a i e made with si mi iar suuv.mvs. 
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Thrs information may then be used for rational design of KPHMT 
.1 n:i Lbitor s, e . g . by computat ional techniques wh ich rdeiotrf y 
p o a s i b 1 e n i n ding 1 i g a n d s to r t h e b i n ding s ite s , 1: ■ y e n a b 1. r r. < ; 
1 i nee-o- f r agm-n: approaches c.o dr ug design, and by enabl Lna the 
5 : dent i f i ceo t roi ana location of bound ligands using X-ray 

c r y s " a 1 1 o g r a p hie a :a alys is. These c. e c h n i g u e s a r e disc u s s e a i n 
irio re dot a i i be 1 ow . 

Greer ot al. describes an iterative approach to J igand 
v- s rem b ; : i on repeated sequences of computet model li ng, 

1 0 p rote i n- 1 i aur.o. comt 1 ex fo rma t i ceo a no X-ray c ryst a 1 1 oqraoh : o o r 

olo- : " • • : re o coo i c .co : 1 ysl s . Th is novel thymi • : y .1 : te ay: o i : = . • 
inhiaoitc>r series were- designed cfe novo by Greer et a i . , arid 
XRhMT ranibidors may also- tie designed in one -his way. More 
e pec i i i o a .1 .1 y , using e . g . GRI D on the solved ?■ 13 s t ruct u re cd" 

15 K RHMT , , liqod o • . : . : potential inhibitor) for KPHMT may be 

dec igned tr.ar comr> 1 emeiots t he f une: t r e na 1 1 1 i e s o f tne X3HMT 
; • i nd i nc a i t e ( e ) . The 1 i ganc coon then be s ynt roes i sed, formed 
ice"';, e c ompLex wr o: n KRHHT, and the complex then analyse'::] oy X- 
r ay c r y s : a 1 1 oc r aphy to identify the actual poo 1 t i on -of the bound 

20 1 igand. Tne structure and/or f unct i ona 1. grouts of tne Ircand 

cair then be adjusted, if necessary, in view of the results of 
the- X-ray analysis, and the synthesis and analysis sequence 
repeated snail an -optimised 1. igand is obtained. Related 
ap'pr ouches to s t. rue tu r e -based drug design arc dec di sous seel in 

25 bohacek -el ■} . , Medicinal Reaearcn Reviews, 3cd.l6, Cr 9 3 6 ) , 3- 

c: a 

As a result of tne etc t e rmina t ion of tne KPHMT 3d structure, 
no • : - pa rely c ompu ta t ion a 1 teennique? I a> r rational • i r a • r design 
may X so bo useoi to design XRHMT inhibitors , f ar an ove r vi. ew of 

30 t h-o- t-ahni aues s*oe e . :j . Walters et 32.). For example, 

au' cenatocl ; a qand- receroto r docking prcgr ama ( d i s ecu s s <- "ei o.g. by 
3 on e ; o 0 a . in (" 1 u r r e i it O p> i n i o n i n I i o t (a ■::: n n o 1 o a y , V o 1 . a , (1 Q 9 5) , 
333-35 6) v/hi ch require ao curate in i oianation on the atomic 
coordinates of tarqet receptors may be used to design potential 

3 3 KPHMT i nh rl> i tors . 
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Link e d - f r a qme r. t a p p r o a c h e s to dru g d g s i g n a a s o r e q u 1 r e 
a c c a r a t - i n f c- r m a t i on o n t h e atomic o < ■ o r d i n a t e s o f t a r q e t 
receptors . The ba^ r c idea behind clause approaches is to 
d ete r m 1 n e ( c c nip u t a a i o n a 1 1 y or exper L rn > a n tall y j a h e b i n d i n g 
Iccaticr.s c-f piu r a .1 dicands to a taroet mol ecu le , and then 
construct a molecular scaffold to connect the Lrgancis together 
in such a way that their relative binding position.? are 
preserved. Tne connected Ligands thus form a potential lead 



mpoun 



i 



t h a t c a :a Is e fur t :a e r r e f l 
c e c h :a r c a; e o f c; r >r . : ef a 1 . . Ft: r a v L 
, : i i ; r oacr. se e Ve r 1 : : . e t a I . f J . a 
Deciqiu 6, (.1 a's ) , l 11- Id 7, and four 
b ha cor -at -1. , :>: io:r;e, d"7 d , ( 1.0s — , 
2 : r a: ■:: rare, 6 , ( 1 v a > : , t ? 9 - : 3 d : . is- • 
ocsigia XPHMT i n! i i b is: a r :e; is maae pes s 
t he KPHMT tr ait a re . 

Many of the to an n i que a and aprr 
drug design describe:! a o ease rely a: 



i n g o . g . t h a. t e> r a 1. 1 v e 
r*e_.a I 1 i need - t ragmeua t 
1 tmn u a e r -Ai a e ci M o i e c u 1 a :: 
IJMP. a no X-ray appr :a ::hea see 
: a 11-1 : ad c,.i stoat e t: al. , 
u se of t nose approaches t.o 
lib' no *:.he ieaermi rctioc of 



to a t r u ■:; t u r s -cas- a ci 
a :ie sn X-ray ana Lysis 
ci in a I i a a ud -orot s; in 



. mmon way sf doing t n i s is 
■n trie complex, produce 



to perform X-r- 



if ference Foarie r 



to* identify the oindir-g posi.ti dh :c a ii 
a amp 1 e x . A 
c r y s tall og rapes/ 
•a 1 est ran dons i tsy map , ana associate: p art icai Lar p a t te rn o f 
electron density with the Ligand. Hov/cvar, i.n order to pro-luce 
tue map (as explained e.g. by BLundeJL et \i 1 . ) it as necessary 
t. c knave be f o re h a .ncl tne or ate iri 31) .atr;; atarc ■ ar at least the; 
pi atoiu struct ar-a icctcra) . Thciad'cr-, cle r : e r:n r u a t. a. can of the 
KPHMT atructura o haa a]] aws ci i f f e re n- :o Fourier a 1 oct r ora density 
maps o 1 K PHMT - 1 a cane; comp 1 e xe s to iae produced, wh i ch scan areat ly 
; : : • : : : t ia e p r ; > c ess a f rational o u a design. 

Id i e a p pa roaches t o s t ractur e-hascal ci r u g a o s i an ci e s c r i b e d 
< i b o v o f . 1 ] require initial, id e n t. i f .:. s a t. i o n ca f p c ) s s 1 b 1 e c ; (amp o u n ci s 
:oi lrc^soonn oath target h i o-mo 1 o o a "ha (in this case KPHMT). 
Sometimes these aaampouncis are known e.g. i ream the r^scor ch 



] itc r a t u re . Howoa 



h e n t. hey are not, n r vdaai 



omnound: 



computer-based in silioo screening of compound database? (such 
a s t h o C a mh» r i d g e Structural Da t a b a s e ) with t h e aim o f 
i d e n t i i y i n a c omp o a n d s which interact with the b i n d i n g s .i 
3 1 t e s o 1 t. h e t r; r g e t b i o - mo 1 e c u 1 e . 3 c r e e ninq s e 1 e c t i o n c 



may be based on pharmacokinetic propert ies such: as metal; 
s t a 1: i 1 1 t y a n d t ox 1 c 1 1 y . Ho w e v e r , d e t e r m 1 n a t 1 o n o f t n e F 
structure a 1 lows the architecture and chemical nature of 
?".PHKT binding site to be identified, which in turn allow 
geometric and ;'u:t::i.oria I constraints oi a descr iptor fo.t 
r 3 > : : * i 3; L inhibitor to be derived. The de =, cr i p t o r : , 
: r \o : o i o ' e , a type oh virtual 3-0 vs.; r ma- • : ':■>■■] • •, whicn ca 
1 •• • t. sea as selection 'Criteria or' filter for database sea 



te or 
r i 1 3' r i < 
ol 1,1: 
PHMT 

eat 1 h 
s tne 
the 

r. a ;.. s o 
e e n i. n a 



Whl 1 e one i went, i on h.. 
: he exemp la ry ^mbod rmen t s de 
modi fi cat" ions ana variation; 
in t he art wncn given this < 
exemp 1. a..ry emit oa invents of tra 
to be 1 1 lus 1 1 at i v 
■lie. so r 1 oeo emooal im 
so i r i t. a nd s o ope 

The re f e renc 
incoruo rated ov r 



bee n dose: r ibed in conj unc t ion with 
s c r i. bed ab jvo , ma ny equ 1 va 1 en t 

w id. 1 be apparent to those skilled 
i::-:: losu re. Accordingly, the 
.invention 0 eot forin are. cotsidorec 
e and not limiting. Various changes to the 
e n t s n 1 a y b e m a ol e w i t hi out departing f r o ia t h e 
of the : n vent ion. 

os in the above: text and listed below are 
of erence . 
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